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"Compounds Useful for Tieating Allergic and Inflammatory Diseases' 

Field of Tnvfinri^ii 

The present invention relates to novel compounds, pharmaceutical compositions 
containing these compounds, and their use in treating allergic and inflammatory diseases and 
for inhibiting the production of Tumor Necrosis Factor (TNF). 

Backprnimrt of th^ ^-^^nifn 

Bronchial asthma is a complex, multifactorial disease characterized by reversible 
narrowing of the airway and hyperreactivity of the respiratory tract to external stimuli. 

Identification of novel tiiwapeutic agents for asthma is made difficult by tiie fact that 
multiple mediators are responsible for die development of die disease. Thus, it seems 
unlikely diat eHminaring die effects of a single mediator will have a substantial effect on all 
three components of chronic asdima. An alternative to die "mediator approach" is to regulate 
die activity of die ceils responsible for die padiophysiology of die disease. 

One such way is by elevating levels of cAMP (adenosine cyclic 3',5'- 
monophosphate). CycUc AMP has been shown to be a second messenger mediating die 
biologic responses to a wide range of hormones, neurotransmitters and drugs; [Kiebs 
Endocrinology Proceedings of die 4tfi International Congress Excerpta Medica, 17-29, 
1973]. When the appropriate agonist binds to specific cell surface receptors, adenylate 
20 cyclase is activated, which converts Mg+2.ATP to cAMP at an accelerated rate. 

Cyclic AMP modulates die activity of most, if not aU, of die cells diat contribute to 
the padiophysiology of extrinsic (allergic) asthma. As such, an elevation of cAMP would 
produce beneficial effects including: 1) airway smooUi muscle relaxation, 2) inhibition of 
mast ceU mediator release, 3) suppression of neutrophil degranulation. 4) inhibition of 
basophil degranulation, and 5) inhibition of monocyte and macrophage activation. Hence, 
compounds diat activate adenylate cyclase or inhibit phosphodiesterase should be effective in 
suppressing die inappropriate activation of airway smootii muscle and a wide variety of 
inflammatory cells. The principal cellular mechanism for the inactivation of cAMP is 
hydrolysis of die 3"-phosphodtester bond by one or more of a famUy of isozymes referred to 
30 as cyclic nucleotide phosphodiesterases (PDEs). 

It has now been shown diat a distinct cyclic nucleotide phosphodiesterase (PDE) 
isozyme, PDE IV, is responsible for cAMP breakdown in airway smooth muscle and 
inflammatory cells. (Torphy, "Phosphodiesterase Isozymes: Potential Targets for Novel Anti- 
asdimatic Agents" in New Drugs for Asdima, Barnes, ed. IBC Technical Services Ltd., 
1989]. Research indicates diat inhibition of dus enzyme not only produces airway smoodi 
muscle relaxation, but also suppresses degranulation of mast ceUs, basophils and neutrophUs 
along with inhibiting the activation of monocytes and neutrophils. Moreover, the beneficial 
effects of PDE IV inhibitors are markedly potentiated when adenylate cyclase activity of 
target cells is elevated by appropriate hormones or autocoids, as would be die case in vivo. 
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Thus PDE IV inhibitors would be effective in the asthmatic lung, where levels of 
prostaglandin E2 and prostacyclin (activators of adenylate cyclase) are elevated. Such 
compounds would offer a unique approach toward tiie pharmacoflierapy of bronchial asduna 
and possess significant therapeutic advantages over agents cuitendy on die market. 
5 The compounds of diis invention also inhibit tiie production of Tumor Necrosis 

Factor (TNF), a serum glycoprotein. Excessive or unregulated TNF production has been 
impUcated in mediating or exacerbating a number of diseases including rheumatoid anhritis. 
rheumatoid spondylitis, osteoartiiritis. gouty artiuitis and otiier artiiritic conditions; sepsis, 
septic shock, endotoxic shock, gram negative sepsis, toxic shock syndrome, adult respiratory 
distress syndrome, cerebral malaria, cfconic pulmonary inflammatory disease, silicosis, 
pulmonary sarcoidosis, bone resorption diseases, reperfusion injury, graft vs. host reaction, 
allograft rejections, fever and myalgias due to infection, such as influenza, cachexia 
secondary to infection or malignancy, cachexia secondary to human acquired immune 
deficiency syndrome (AIDS), AIDS, ARC (AIDS related complex), keloid formation, scar 
tissue fijrmation, Crohn's disease, ulcerative colitis, or pyresis, in addition to a number of 
autoimmunediseases, such as multiple sclerosis, autoimmune diabetes and systemic lupus 
erythemaK>sis. 

AIDS results from die infection of T lymphocytes widi Human Immunodeficiency 
Virus (HIV). At least du-ee types or strains of HIV have been identified, i.e.. HIV-1. HIV-2 
and HIV-3. As a consequence of HIV infection, T-ceU-mediated immunity is impaired and 
infected individuals manifest severe opportunistic infections and/or unusual neoplasms. HIV 
entry into die T lymphocyte requires T lymphocyte activation. Viruses such as HIV-1 or 
HIV-2 infect T lymphocytes after T cell activation and such virus protein expression and/or 
repKcation is mediated or maintained by such T ceU activation. Once an activated T 
lymphocyte is infected witii HIV. die T lymphocyte must continue to be maintained in an 
activated state to permit HIV gene expression and/or HIV replication. 

Cytokines. spedficaUy TNF. are implicated in activated T-cell-mediated HIV protein 
expression and/or virus repUcation by playing a role in maintaining T lymphocyte activation. 
Thereftjre. interference widi cytokine activity such as by inhibition of cytokine production, 
noably TNF, in an HIV-infected individual aids in limiting die maintenance of T ceU 
activation, thereby reducing die progression of HIV infectivity to previously uninfected cells 
which results in a slowing or elimination of die progression of immune dysfunction caused 
by HIV infection. Monocytes, macrophages, and related cells, such as kupffer and gUal cells, 
have also been implicated in maintenance of die HIV infection. These cells, like T ceUs, are ' 
targets for viral repUcation and die level of viral replication is dependent upon die activation 
state of die cells. [See Rosenberg etai. The Immunopatiiogenesis of HIV Infection, 
Advances in Immunology, Vol. 57, 1989]. Monokines, such as TNF, have been shown to 
activate HTV repUcation in monocytes and/or macrophages [See PoU et al., Proc. Nad. Acad. 
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Sci., 87:782-784, 1990], therefore, inhibition of monokine production or activity aids in 
linuting HIV progression as stated above for T cells. 

TNF has also been implicated in various roles with other viral infections, such as the 
cytomegalovirus (CMV), influenza virus, adenovirus, and the herpes virus for similar reasons 
5 as those noted. 

TNF is also associated with yeast and fungal infections. Specifically Candida 
albicans has been shown to induce TNF production in vitro in human monocytes and natural 
killer cells. [See Riipi et al.. Infection and Immunity, 58(9):2750-54, 1990; and Jafari et aL, 
Journal of Infectious Diseases, 164:389-95. 1991. See also Wasan et aL, Antimicrobial 

10 Agents and Chemotherapy, 35,(10):2046-48, 1991; and Luke et al. Journal of Infectious 
Diseases, 162:211-214,1990]. 

The ability to control the adverse effects of TNF is furthered by the use of the 
compounds which inhibit TNF in mammals who are in need of such use. There remains a 
need for compounds which are useful in treating TNF-mediated disease states which arc 

1 5 exacerbated or caused by the excessive and/or unregulated production of TNF. 

Summary of the Invention 
This invention relates to the novel compounds of Fomiula (I), as shown below, useful 
in the mediation or inhibition of the enzymatic activity (or catalytic activity) of 
20 phosphodiesterase IV (PDE IV). The novel compounds of Formula (I) also have Tumor 
Necrosis Factor (TNF) inhibitory activity. 

This invention also relates to the pharmaceutical compositions comprising a 
compound of Formula (I) and a pharmaceutically acceptable carrier or diluent. 

The invention also relates to a method of mediation or inhibition of the enzymatic 
25 activity (or catalytic activity) of PDE IV in mammals, including humans, which comprises 
adnunistering to a mammal in need thereof an effective amount of a compound of Formula 
(I), as shown below. 

The invention further provides a method for the treatment of allergic and 
inflammatory disease which comprises administering to a mammal, including humans, in 
30 need thereof, an effective amount of a compound of Formula (I). 

The invention also provides a method for the treatment of asthma which comprises 
administering to a mammal, including humans, in need tiiereof , an effective amount of a 
compound of Formula (I). 

This invention also relates to a metfiod of inhibiting TNF production in a mammal, 
35 including humans, which method comprises administering to a mammal in need of such 
treatment, an effective TNF inhibiting amount of a compound of Formula (I). This method 
may be used for the prophylactic treaunent or prevention of certain TNF mediated disease 
states amenable thereto. 
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This invention also relates to a method of treating a human afflicted with a human 
immunodeficiency virus (HTV), which comprises administering to such human an effective 
TNF inhibiting amount of a compound of Fonnula (I). 

The compounds of Formula (I) are also useM in the tteatment of additional viral 
5 infections, where such viruses are sensitive to upregulation by TNF or will elicit TNF 
production in vivo. 

The compounds of Formula (I) are also useful in the treatment of yeast and fungal 
infections, where such yeast and fungi are sensitive to upregulation by TNF or will elicit 
TNF production in vivo. 
0 The compounds of this invention are represented by Formula (I): 



z 




wherein: 

Rl is -(CR4R5)nC(0)0(CR4R5)mR6» •(CR4R5)nC(0)NR4(CR4R5)mR6, 
-(CR4R5)nO(CR4R5)mR6, or -(CR4R5)rR6 wherein die alkyi moieties may be optionally 
15 substituted with one or more halogens; 
m is 0 to 2; 
nis 1 to4; 
r is 1 to 6; 

R4 and R5 are independently selected from hydrogen or C1.2 alkyl; 
20 Rg is hydrogen, metiiyl, hydroxyl, aryl, halo substituted aryl, aryloxyCi-S alkyl, halo 

substituted aryloxyCi.3 alkyl. indanyl. indenyl. C7-II polycycloalkyl, tettahydrofuranyl, 
furanyl, tetrahydropyranyl, pyranyl, tetrahydrotfiienyl. thienyl. tettahydrodiiopyranyl, 
tiuopyranyl, C3.6 cycloalkyl, or a C4.6 cycloalkyl containing one or two unsaturated bonds, 
wherein the cycloalkyl and heterocyclic moieties may be optionally substimted by 1 to 3 
25 methyl groups or one ethyl group; 
provided that 

a) when Rg is hydroxyl, then m is 2; or 

b) when Re is hydroxyl, then r is 2 to 6; or 

c) when R6 is 2-tetrahydropyranyl, 2-tetrahydroihiopyranyl, 2-tetrahydrofuranyl, or 
30 2.tetrahydrotiuenyl, then m is 1 or 2; or 

d) when Rg is 2-tetrahydropyranyl. 2-tetrahydrotfuopyranyl, 2-tetrahydrofuranyl, or 
2-tetrahydrothienyl, then r is 1 to 6; 

e) when n is 1 and m is 0, tiien Re is other dian H in -(CR4R5)nO(CR4R5)mRe; 
X is YR2, halogen, nitro. NR4R5. or formyl amine; 

35 YisOorS(0)ni'; 
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m'isO. 1, or2; 
X2isOorNR8; 
X3 is hydrogen or X; 

R2 is independently selected firom -CH3 or -CH2CH3 optionally substituted by 1 or 
5 more halogens; 

s is 0 to 4; 

R3 is hydrogen, halogen, C1-4 alkyl, CH2NHC(0)C(0)NH2, halo-substituted C1-4 
alkyl, -CH=CR8'R8', cyclopropyl optionaUy substituted by Rg', CN, ORg, CH2OR8, 
NRgRia CH2NR8R10. C(Z')H. C(0)0R8, C(0)NR8RlO. or OCRs'; 

10 Z- is O, NR9. N0R8, NCN, a-CN)2, CR8CN, CR8NO2, CR8C(0)OR8, 

CR8C(0)NR8R8, C(-CN)N02. C(-CN)C(0)0R9, or C(-CN)C(0)NR8R8 ; 

Z is CR8R8OR14, CRgRgORis. CR8R8SR14, CRgRgSRis. CR8R8S(0)m*R7, 
CR8R8NR10R14. CR8R8NRl0S(O)2NRl0Rl4, CR8R8NRioS(0)2R7. 
CR8R8NRioC(Y')Ri4. CR8R8NRl0C(O)OR7. CR8R8NRlOC(Y')NRioRi4, 

15 CR8R8NRioC(NCN)NRioRl4. CR8R8NRioC(CR4N02)NRloRl4, 

CR8R8NRlOC(NCN)SR9. CR8R8NRl0C(C3i4NO2)SR9. CR8R8C(0)ORi4, 
CR8R8C(Y')NRioRl4, CR8R8C(NRio)NRioRl4.CR8R8CN. CRgRgdetrazolyl), 
CR8R8(imidazolyI), CR8R8(imidazolidinyl), CR8R8(pyrazolyl), CR8R8(thiazolyl), 
CR8R8(thiazolidinyl), CR8R8(oxazolyl), CRgRsCoxazolidinyl), CR8R8(tiiazolyl). 

20 CR8R8(isoxazolyl), CRgRgCoxadiazolyl), CRsRgdhiadiazolyl), CRsRgCmorpholinyl), 
CR8R8(piperidinyl), CR8R8(piperazinyl), CR8R8(pynDlyl), CR8R8C(NOR8)Rl4, 
CR8R8C(NORi4)R8. CR8R8NRioC(NRio)SR9, CR8R8NRioC(NRio)NRioRl4, 
CR8R8NRioC(0)C(0)NRioRl4, or CR8R8NRl0C(O)C(O)ORi4; 

X5 is H, R9. ORg, CN, C(0)R8, C(0)0R8, C(0)NR8R8, or NRgRg; or Z and X5 

25 together is -C^gRsO-; 

Y" isOorS; 

R7 is -(CR4R5)qRi2 or Cj^g alkyl wh»ein the R12 or Ci.g alkyl group is optionally 
substituted one or more times by Ci-2 alkyl optionally substituted by one to three fluorines. 
-F. -Br. -CI. .NO2. -NRioRll. -C(0)R8. -C(0)0R8. -0R8. -CN, -C(0)NRioRil. 
30 -OC(0)NRioRii. -0C{0)R8. -NRioC(0)NRioRll. -NRioC(0)Rii. -NRioC(0)OR9, 
-NRioC(0)Ri3, -C(NRio)NRioRll, -C(NCN)NRioRii, -C(NCN)SR9. 
-NRioC(NCN)SR9 , -NRioC(NCN)NRloRli, -NRioS(0)2R9. -S(0)m'R9. 
-NRioC(0)C(0)NRioRii, -NRioC(0)C(0)Rio, thiazolyl. imidazolyl, oxazolyl. pyiazolyl, 
triazolyl, or tetrazolyl; 
35 q is 0,1, or 2; 

R12 is C3-7 cycloalkyl, (2-, 3- or 4-pyridyl), pyrimidyl, pyrazolyl, (1- or 2- 
imidazolyl), Uiiazolyl, triazolyl. pyrrolyl, piperazinyl, piperidinyl, morpholinyl, fuianyl, (2- 
or 3-thienyl). (4- or S-thiazolyl), quinolinyl, naphthyl, or phenyl; 

R8 is indcpendentiy selected from hydrogen or R9; 
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Rg* is R8 or fluorine; 

R9 is C1.4 alkyl optionally substituted by one to three fluorines; 
RlQis ORgorRii; 

Rll is hydrogen, or Cj^ alkyl optionally substituted by one to three fluorines; or 
5 when Rio and Ri 1 aie as NRiQRl 1 th^ may together with the nitrogen form a 5 to 7 
membered ring optionally containing at least one additional heteroatom selected from O, 
N,orS; 

Rl3 is oxazolidinyl, oxazolyl, thiazolyl, pyrazolyl, triazolyl, tetrazolyl, imidazolyl, 
imidazolidinyl, thiazolidinyl, isoxazolyl, oxadiazolyl, or thiadiazolyl, and each of these 
10 heterocyclic rings is connected Arough a carbon atom and each may be unsubsututed or 
substituted by one or two €1*2 groups; 

Rl4 is hydrogen or R7; or when Rio and R14 aie as NR10R14 they may togedier 
with the nitrogen fonn a 5 to 7 membered ring optionally containing one or more additional 
heteroatoms selected from 0, N,or S; 
15 Ri5 is C(0)Ri4, C(0)NR8Ri4, S(0)2NR8Rl4. S(0)2R7; 

provided that: 

f) when R12 is N-pyrazolyl, N-iraidazolyl, N-triazolyl, N-pyrrolyl, N-piperazinyl, N- 
piperidinyl, or N-morpholinyl, then q is not 1; 

g) when X2R1 is OCF2H or OCT3, X is F, OCF2H or OCT3, X3 is H, s is zero, X5 
20 is H, Z is CH20Ri4> and R14 is C1.7 unsubstituted alkyl, dien R3 is otiier than H; 

or a pharmaceutically acceptable salt thereof. 



Detailed Description of the Invention 
This invention relates to die novel compounds of Formula (I), and to pharmaceutical 

25 compositions comprising a compound of Formula (I) and a pharmaceutically acceptable 
carrier or diluent. This invention also relates to a method of tbediating or inhibiting the 
enzymatic activity (or catalytic activity) of PDE IV in a mammal in need thereof and to 
inhibiting the production of TNF in a manmial in need thereof, which comprises 
administering to said mammal an effective amount of a compound of Fonnula (I). 

30 Phosphodiesterase IV inhibitors are useful in the treatment of a variety of allergic and 

inflammatory diseases including: asthma, chronic bronchitis, atopic dermatitis, urticaria, 
allergic rhinitis, allergic conjunctivitis, vernal conjunctivitis, eosinophilic granuloma, 
psoriasis, rheumatoid arthritis, septic shock, ulcerative colitis, Crohn's disease, reperfusion 
injury of the myocardium and brain, chroruc glomerulonephritis, endotoxic shock and adult 

35 respiratory distress syndrome. In addition, PDE IV inhibitors are useful in the treatment of 
diabetes insipidus, [Kidney InL, 37:362, 1990; Kidney Int.. 35:494, 1989] and central 
nervous system disorders such as depression and multi-infarct dementia. 

The compounds of Formula Q) are also useful in the treatment of viral infections, 
where such viruses are sensitive to upregulation by TNF or will elicit TNF production in 
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vivo. The viruses contemplated for treatment herein are those that produce TNF as a result of 
infection, or those which are sensitive to inhibition, such as by decreased replication, direcUy 
or indirectly, by the TNF inhibitors of Formula (1). Such viruses include, but are not limited 
to HIV-l, HIV-2 and ffiV-3, cytomegalovirus (CMV), influenza, adenovirus and the Herpes 
group of viruses, such as, but not limited to, Herpes zoster and Herpes simplex. 

This invention more specifically relates to a method of treating a mammal, afflicted 
with a human immunodeficiency virus (HIV), which comprises administering to such 
mammal an effective TNF inhibiting amount of a compound of Foimula ©• 

The compounds of Formula 0) may also be used in association widi the veterinary 
treatment of animals, otiier than in humans, in need of inhibition of TNF production. TNF 
mediated diseases for treatment, therapeutically or prophylactically. in animals include 
disease states such as those noted above, but in particular viral infections. Examples of such 
viruses include, but are not limited to feline immunodeficiency virus (FIV) or other retroviral 
infection such as equine infectious anemia virus, caprine arthritis virus, visna vims, maedi 
15 virus and other lentiviruses. 

The compounds of Formula 0) are also useful in die treatment of yeast and fungal 
infections, where such yeast and fungi are sensitive to upregulation by TNF or wUl elicit 
TNF production in vivo. A preferred disease state for treatment is fungal meningitis. 
Additionally, die compounds of Formula Q may be administered in conjunction witii odier 
drugs of choice for systemic yeast and fungal infections. Drugs of choice for fungal 
infections, include but are not limited to the class of compounds called the polymixins, such 
as Polymycin B, die class of compounds called die imidazoles, such as clotrimazole, 
econazole. miconazole, and ketoconazole; die class of compounds caUed the triazoles. such 
as fluconazole, and itranazole, and die class of compound called die Amphotericins, in 
25 particular Amphotericin B and liposomal Amphotericin B. 

The co-administration of the anti-fungal agent widi a compound of Formula (I) may 
be in any preferred composition for diat compound such as is well known to tiiose skiUed in 
the art, for instance die various Amphotericin B fomiulations. Co-administration of an anti- 
fungal agent with a compound of Formula (I) may mean simultaneous administration or in 
30 practice, separate administration of die agents to the mammal but in a consecutive manner. 
In particular, die compounds of Fonnula (I) may be co-administered witii a fonnulation of 
Amphotericin B, notably for systemic fungal infections. The preferred organism for 
treatment is die Candida organism. The compounds of Fonnula (1) may be co-administered 
in a similar manner with anti-viral or anti-bacterial agents. 

The compounds of Fonnula Q may also be used for inhibiting and/or reducing die 
toxicity of an anti-fungal, anti-bacterial or anti-viral agent by administering an effective 
amount of a compound of Fonnula (I) to a mammal in need of such treatment. Preferably, a 
compound of Fonnula (1) is administered for inhibiting or reducing die toxicity of die 
Amphotericin class of compounds, in particular Amphotericin B. 
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Prefeired compounds are as follows: 

When Ri for the compounds of Fonnula (I) is an alkyl substituted by 1 or more 
halogens, the halogens are preferably fluorine and chlorine, more preferably a C1-4 alkyl 
substituted by 1 or more fluorines. The preferred halo-substituted alkyl chain length is one 
5 or two carbons, and most preferred are the moieties -CF3, -CH2F. -CHF2. -CF2CHF2, 

-CH2CF3, and -CH2CHF2. Preferred Ri substitutents for the compounds of Formula (I) are 
CH2-cyclopropyl, CH2-C5-6 cycloalkyl, C4-6 cycloalkyl. Cy^u polycycloalkyl, (3- or 4- 
cyclopentenyl), phenyl, tetiahydrofuran*3*yl, benzyl or C1.2 alkyl optionally substituted by 
1 or more fluorines, -(CH2)l-3C(0)0(CH2X)-2CH3, -(CH2)l-3O(CH2)0.2CH3. and 

10 -(CH2)2^0H. 

When the Ri term contains the moiety (CR4R5), the R4 and R5 terms are 
independenriy hydrogen or alkyL This allows for branching of the individual methylene 
units as (CR4R5)n or (CR4R5)m; each repeating methylene unit is independent of the odier, 
e.g.. (CR4R5)n wherein n is 2 can be -CH2CH(-CH3)-, for instance. The individual 

15 hydrogen atoms of the repeating methylene unit or the branching hydrocarbon can optionally 
be substituted by fluorine iiidependent of each other to yield, for instance, the preferred Ri 
substimtions, as noted above. 

When Ri is a C7.11 polycycloalkyl, examples are bicyclo[2.2-ll-heptyl, 
bicyclo[2.2.2]octyl, bi(grclo[3.2.1]octyl, tricyclo[5.2.1.o2,6]decyl, etc. additional examples of 

20 which are described in Sacqamano et al, WO 87/06576, published 5 November 1987, whose 
disclosure is incorporated herein by reference in its entirety. 

Z is pref(Mably CRgRsORw. CRsRsORlS, CRgRsSRK, CR8R8SR15, 
CRgRgSCOm'R?. CRsRsNRlORW, CR8R8NS(O)2NRl0Rl4. CR8R8NS(0)2R7, 
CR8R8NRl0C(O)Ri4, CR8R8NRl0C(O)OR7, CR8R8NRloC(0)NRioRl4, 

25 CR8R8NRioC(NCN)NRioRi4, CR8R8NRlOC(CR4N02)NRioRl4, 

CR8R8NRioC(NCN)SR9, CR8R8NRioC(CR4N02)SR9, CR8R8C(0)ORi4, 
CR8R8C(0)NRioRl4, CR8R8C(NRio)NRioRl4, CRsRsCN, CR8R8C(NOR8)Ri4. 
CR8R8C(NORi4)R8, CR8R8NRioC(NRio)SR9, CR8R8NRloC(NRio)NRloRl4, 
CR8R8NRioC(0)C(0)NRioRl4, or CR8R8NRl0C(O)C(O)ORi4; most preferred are tiiose 

30 compounds wherein the R8 group of Z is H and the R14 group of Z is R4. 

Preferred X5 groups are H, OH, OCH3, CN, C(0)R8, C(0)OH, C(0)0CH3. 
C(0)NH2. CON(CH3)2, NH2. or N(CH3)2- The most preferred groups are H, OH, CN, 
C(0)OH, C(0)NH2 or NH2. 

The preferred group wherein Z and X5 together is -CRsRsCO- is -CH2CO-. 

35 Preferred X groups for Formula (I) are those wherein X is YR2 and Y is oxygen. The 

preferred X2 group for Fonnula (I) is that wherein X2 is oxygen. The preferred X3 group for 
Formula (I) is that wherein X3 is hydrogen. Preferred R2 groups, where applicable, is a Ci-2 
alkyl optionally substimted by 1 or more halogens. The halogen atoms are preferably 
fluorine and chlorine, more preferably fluorine. More preferred R2 groups are those wherein 
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R2.is methyl, or the fluoro-substituted alkyls, specifically a C1.2 alkyl, such as a -CF3, 
-CHF2, or -CH2CHF2 moiety. Most preferred are the -CHF2 and .CH3 moieties. 

Prefeired R3 moieties are C(0)NH2, OCR8. CH2NHC(0)C(0)NH2. CN. CCZ^H, 
CH2OH, CH2F, CF2H, and CF3. More prefened are OCR and CN. Z" is preferably O or 
5 N0R8. 

Preferred R7 moieties include optionally substituted -(CH2)l-2(cyclopropyl), 
-(CH2)0.2(cyclobutyl), -(CH2)0-2(cyclopentyl), -(CH2)0-2(cyclohexyl). -(CH2)0-2(2-. 3- 0 
4.pyridyl), (CH2)l.2(2-imidaroIyl), (CH2)2(4-morphoUnyl), (CH2)2(4-piperazinyl), 
(CH2)l-2(2-thienyl). (CH2)l-2(4-thiazolyI). and (CH2)0-2phenyl; 

10 Preferred rings when Rio and Ri 1 in die moiety -NRioRl 1 together with the 

nitrogen to which they are attached form a 5 to 7 membered ring optionally containing at 
least one additional heteroatom selected from O, N, or S include, but are not limited to 1- 
imidazolyl, 2-(R8)-l-iniida2olyl. 1-pyrazolyl, 3-(R8)-l-pyrazolyl, l-triazolyl, 2-triazolyl, 
5-(R8)-l-triazoiyl, 5-(R8)-2-tria2olyl, 5-(R8)-l-tetrazolyl, 5-(R8)-2-tetrazolyl, 1-tetrazolyl, 

15 2-tetrazIoyl, morpholinyl, piperazinyl, 4-(R8)- 1 -piperazinyl, or pyrrolyl ring. 

Preferred rings when Rio and R14 in die moiety -NR10R14 together widi die 
nitrogen to which they are attached may form a 5 to 7 membered ring optionally containing 
at least one additional heteroatom selected from 0, N, or S include, but are not limited to 1- 
imidazolyl. 1-pytazolyl. l-triazolyl, 2-triazolyl, 1-tetrazoIyI. 2-tetrazolyl, morpholinyl, 

20 piperazinyl, and pyirolyl. The respective rings may be additionally substituted, where 
applicable, on an available nitrogen or carbon by die moiety R7 as described herein for 
Formula (I). Olustrations of such carbon substitutions includes, but are not limited to, 
2.(R7)-l.iraidazolyl, 4-(R7).l-imida2olyl. 5-(R7)-l.imidazolyl, 3-(R7)-l-pyrazolyl, 

4- (R7)-l-pyrazolyl. 5-(R7)-l-pyiMolyl, 4-(R7)-2-triazolyl, 5-(R7)-2-triazolyl, 
25 4-(R7)-l-triazoIyl. 5-(R7)-l-triazolyI, 5-(R7). 1-tetrazolyl, and 5-(R7)-2-tetrazolyl. 

Applicable nitrogen substitution by R7 includes, but is not limited to, l-(R7)-2-tetrazolyl, 
2-(R7)-l.tetrazolyl, 4-(R7)-l-piperazinyl. Where applicable, die ring may be substimted one 
or more times by R7. 

Prefened groups for NR10R14 which contain a heterocyclic ring are 5-(Ri4).l- 
30 tetrazolyl, 2-(Ri4)-l-imidazoIyI, 5-(Ri4)-2-tetrazoIyl, or 4-(Ri4)-l-piperazinyl. 

Preferred rings for R13 include (2-, 4- or 5-imidazolyl), (3-, 4- or 5-pyrazolyl), (4- or 

5- triazolyI[l,2.3]), (3- or 5-triazolyl[1.2,4]), (5-tetrazolyl), (2-, 4- or S-oxazolyl), (3-, 4- or 5- 
isoxazolyl). (3- or 5-oxadiazolyl[l,2,4]), (2-oxadiazolyl[l,3,4]). (2-thiadiazolyl[l,3,4]), (2-, 
4-, or 5-thiazolyl). (2-, 4-, or 5-oxazolidinyl), (2-, 4-, or 5-tiiiazolidinyl), or (2-, 4-, or 

35 5-imidazolidinyl). 

When die R7 group is optionally substituted by a heterocyclic ring such as 
imidazolyl, pyrazolyl, triazolyl, tetrazolyl, or thiazolyl, the heterocyclic ring itself may be 
optionally substituted by Rg eidier on an available nitrogen or carbon atom, such as 
l-(R8)-2-imidazolyl, l-(R8)-4-imidazolyl, l-(R8)-5-imidazoIyl, l-(R8)-3-pyi^zolyl, 
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l-(R8)-4-pyiazolyI, l-(R8)-5-pyrazoIyU l-(R8)-4-tria2olyl, or l-(R8)-5-triazolyl. Where 
applicable, the ring may be substituted one or more tinaes by Rg. 

Preferred are those conqiounds of Formula (I) wherein Ri is -C3l2-cyclopropyl, 
-CH2-C5.6 cycloallqfl, -C4-6 cycloalkyl, tetrahydrofuran-3-yl, (3- or 4-cydopentenyl), 
5 benzyl or -Ci-2 alkyl optionally si*stituted by 1 or more fluwines, and -(CH2)2^ OH; R2 is 
methyl or fluoro-substituted allqrl, R3 is CN or OCRg; and X is YR2. 

Most preferred are those compounds wherein Ri is -CH2-cyclopropyl, cyclopentyl, 
methyl or CF2H; R3 is CN or CsCH; X is YR2; Y is oxygen; X2 is oxygen; X3 is hydrogen; 
and R2 is CF2H or metfiyL 

10 A prefrared subgenus of die compounds of Formula (I) is the compounds of Formula 

da) 




j 

aa) 

wherein: 

Rl is CH2-cycloptDpyl, CH2-C5.6 cycloalkyl, C4.6 cycloalkyl, C7.1 1 
15 polycycloalkyl. (3- or 4-cyclopeiitenyl), phenyl, tctiahydrofuian-3-yl, benzyl or C1.2 alkyl 
optionally substituted by 1 or more fluorines, -(CH2)l.3C(O)O(CH2)0-2CH3, 
-(CH2)l-3O(CH2)0-2CH3, and -(CH2)2-40H; 

X is YR2. halogen, nitro, NR4R5, or formyl amine; 

YisOorS(0)ni'; 
20 m'is0,l,or2; 

R2 is -CH3 or -CH2CH3 optionally substituted by 1 or more halogens; 

R3 is hydrogen. C1-4 alkyl, CH2NHC(0)C(0)NH2, halo-substituted Ci-4 alkyl, CN, 
CH2OR8. C(Z')H. C(0)0R8, C(0)NR8Rio, or feCRg; 

Z'isOorNOR8; 

25 . Z is CRgRgORu, CR8R8OR15, CR8R8SR14, CR8R8SR15, CR8R8S{0)m'R7. 

CRgRgNRioRM. CR8R8NS(O)2NRl0Rl4, CR8R8NS(0)2R7. CR8R8NRioC(Y')Ri4. 

CR8R8NRioC(0)OR7, CRgRgNRioCWNRlORM. CR8R8^fRlOC(NCN)NRloRl4, 

CR8R8NRi0C(CR4NO2)NRl0Ri4. CR8R8NRioC(NCN)SR9, 

CR8R8NRioC(CR4N02)SR9. CRgRgCOOORw. CR8R8C(Y0NRioRl4, 
30 CR8R8C(NRio)NRioRi4. CRgRgCN, CR8R8C(NOR8)Rl4, CR8RgC(NORi4)R8, 

CR8R8NRioC(NRio)SR9. CR8R8NRioC(NRio)NRioRl4, 

CR8R8NRioC(0)C(0)NRloRl4. or CR8R8NRioC(0)C(0)ORi4; 

X5 is H, 0R8, CN, C(0)0R8 or NR8R8; or Z and X5 togedier is -CR8R8CO.; 
Y'isOorS; 

R7 is -(CR4R5)qRi2 or Ci-g alkyl wherein die R12 or C1.6 alkyl group is optionally 

substimttd one or more times by methyl or ethyl substinited by 1-3 fluorines, -F. -Br, -CI, 

10 
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-NP2. -NRioRl 1. -C(0)R8, -C(0)0R8. -0R8. -CN. -C(0)NRioRi i, -OC(0)NRioRi i, 
-0C(0)R8. -NRl0C(O)NRi0Rll. ■NRi0C(O)Ril, -NRiqC(0)OR9. -NRioC(0)Ri3, 
-C(NRio)NRioRll, -C(NCN)NRioRll. -C(NCN)SR9, -NRl0C(NCN)SR9 . 
-NRioC(NCN)NRioRli. -NRioS(0)2R9, -S(0WR9. -NRloC(0)C(0)NRi'oRn. 
-NRioC(0)C(0)Rio, thiazolyl, imidazolyl. oxazolyl. pyrazolyl, triazolyl, or tetrarolyl; 
qisO, I, or 2; 

Rl2 is C3-C7 cycloalkyl, (2-. 3- or 4-pyridyl), (1- or 2-imidazolyl), piperazinyl, 
moipholinyl, (2- or 3-thienyl). (4- or 5-thiazolyl), or phenyl; 
RS is independently selected from hydrogen or R9; 
R9 is Ci^ alkyl opdonally substituted by one K> dnee fluorines; 
1 RioisOR8orRii; 

Rl 1 is hydrogen or Ci^ alkyl optionally substituted by one to three fluorines; or 
when Rio and Ri 1 are as NRiqRi i they may together with the nitrogen fonn a 5 to 7 
membered ring optionally containing at least one additional heteroatom selected ftom O 
15 N,orS; 

Rl3 is oxazolidinyl, oxazolyl, tiiiazolyi; pyrazolyl, triazolyl, tetrazolyl, imidazolyl, 
imidazoUdinyl, diiazoUdinyl, isoxazolyl, oxadiazolyl, or tiiiadiazolyl, and each of these 
heterocyclic rings is connected through a caibon atom and each may be unsubstituted or 
substituted by one or two C1.2 alkyl groups; 
20 Ri4 is hydrogen or R7; or when Rio and R14 are as NR10R14 tijey may together 

with the nitrogen form a 5 to 7 membered ring optionally containing one or more additional 
heteroatoms selected from O, N,or S; 

Rl5 is C(0)Ri4, C(0)NR8Ri4, S(0)2NR8Rl4. S(0)2R7; 

provided tiiat: 

25 a) when R12 is N-imidazolyl, N-triazolyl, N-pyrrolyl, N-piperazinyl, or N- 

morpholinyl, then q is not 1; 

b) when Rl is CF2H or CF3, X is F. OCF2H or OCF3. X5 is H. Z is CH2OR14, and 
Rl4 is Ci-7 unsubstituted alkyl. then R3 is other than H; 
or the pharmaceutically acceptable salts thereof. 
30 Prefeired compounds of Fomiula (I) are: 

metiiyl 2-[4-cyano-4-(3-cyclopentyloxy-4-metfioxyphenyl)cyclohexan-l-yl]acetate; 
c«-[4.cyano-4.(3-cyclopropylmedioxy-4-metiioxyphenyl)cyclohexan.l-yl]medianol; 

ciy-[4-cyano-4.(3-cyclopropytaietiioxy-4-medioxyphenyl)cyclohexan-f- 
yljmethylamine; 

Ci5-[4-cyano-4-(3-cyclopropylmedioxy^medjoxyphenyl)cyclohexan-l,l- 
diyl]oxirane; 

cu-I4-cyano-4-(3-cyclopropylmethoxy-4-metiioxyphenyl)-l -hydroxycyclohexan- 1 - 
yljmethanol; 
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/ra/ix-[4-cyano-4-(3-cyclopropylmethoxy-4-methoxyphenyl)cqrclohexa 
diyljoxuane; and 

/rflw-[4-<yano-4-(3-cycIopropylmethoxy-4-metiioxyphenyl) 
l-ylJmethanoL 

5 Some of the compounds of Formula (J) may exist in both racemic and optically active 

forais; some may also exist in distinct diastereomeric fomis. All of these compounds are 
considered to be within the scope of the present invention. Therefore another aspect of the 
present invention is the administration of either a tacemate, a single enantiomeric foraa, a 
single diastereomeric form, or mixtures thereof. 

10 Definitions 

The terms "C1.3 alkyl". "Ci^ alkyl". "C1.6 alkyl" or "alkyl" include both straight or 
branched chain radicals of 1 to 10, unless the chain length is limited thereto, including, but 
not limited to methyl, ethyl, n-piopyl, isopropyl, n-butyl, sec-butyl,, isobutyl, rerr-butyl, and 
die like. "Alkenyl" includes both straight or branched chain radicals of 1 to 6 carbon lengtfis, 

15 unless the chain length is limited thereto, including but not limited to vinyl, 1-propenyl, 2- 
propenyl, 2-propynyl. or3-methyl-2-propenyl. "Cycloalkyl" or "cycloalkyl alkyl" includes 
radicals of 3-7 carbon atoms, such as cyclopropyl, cyclopropylmethyl, cyclopentyl, or 
cyclohexyL "Aryl" or "aialkyr, unless specified otficrwise, means an aromatic ring or ring 
system of6-10 carbon atoms, such as phenyl, benzyl, phenethyl, or naphtiiyl. Preferably die 

20 aiyl is monocyclic, i.e, phenyl. The alkyl chain is meant to include botii straight or branched 
chain radicals of 1 to 4 carbon atoms. "Heteroaryl" means an aromatic ring system 
containing one or more heteroatoms, such as imidazolyl, triazolyl, oxazolyl, pyridyl, 
pyrimidyl, pyrazolyl, pyrrolyl, furanyl, or diienyl. "Halo" means chloro, fluoro, bromo, or 
iodo. 

25 By the phrase "inhibiting die production of Ei-I" or "inhibiting the production of 

TNF' means: 

a) a decrease of excessive in vivo IL-1 or TNF levels, respectively, in a human to 
normal levels or below normal levels by inhibition of die in vivo release of IL-1 by all cells, 
including but not linuted to monocytes or macrophages; 
30 b) a down regulation, at the translational or transcriptional level, of excessive in vivo 

IL-1 or TNF levels, respectively, in a human to normal levels or below normal levels; or 

c) a down regulation, by inhibition of tiie direct syntiiesis of IL- 1 or TNF levels as a 
postranslational event 

By die term "TNF mediated disease or disease states" is meant any and all disease 
35 states in which TNF plays a role, eitiier by production of TNF itself, or by TNF causing 
another cytokine to be released, such as but not limited to BL-l or IL-6. A disease stale in 
which IL-1, for instance is a major component, and whose production or action, is 
exacerbated or secreted in response to TNF, would therefore be considered a disease state 
mediated by TNF, As TNF-B (also known as lymphotoxin) has close structural homology 
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with TNF-a (also known as cachecrin), and since each induces similar biologic responses 
and binds to the same cellular receptor, both TNF-a and TNF-B are inhibited by the 
compounds of the present invention and thus are herein refened to collectively as "TNF" 
unless specifically deUneated otherwise. Preferably TNF-a is inhibited. 

"Cytokine" means any secreted polypeptide that affects the functions of ceUs. and is a 
molecule which modulates interactions between cells in immune, inflammatory, or 
hematopoietic responses. A cytokine includes, but is not limited to, monokines and 
lymphokines regardless of which cells produce them. For instance, a monokine is generally 
refened to as being produced and secreted by a mononuclear cell, such as a macrophage 
and/or monocyte, but many odier cells produce monokines, such as naniral killer ceUs 
fibroblasts. basophUs, neutrophils, endothelial ccUs. brain astrocytes, bone marrow stromal 
ceUs, epidermal keratinocytes. and B-lymphocytes. Lymphokines are generally refened to as 
bemg produced by lymphocyte cells. Examples of cytokines for the present invention 
include, but are not limited to. Interleukin-1 (IL-1). Interleukin-6 (IL-6). Interleukin-8 (IL-8) 
Tumor Necrosis Factor-alpha (TNF-a) and Tumor Necrosis Factor-beta (TNF-6). 

The cytokine inhibited by the present invention for use in the treatment of a HIV- 
infected human must be a cytokine which is impUcated in (a) the initiation and/or 
maintenanceof T cell activation and/or activated T cell-mediatcd HIV gene expression 
and/or replication, and/or (b) any cytokine-mediatcd disease associated problem such as 
20 cachexia or muscle degeneration. Prefenably, his cytokine is TNF-a. 

The cytokine inhibited by the present invention for use in die treatment of a HIV- 
infected human must be a cytokine which is impUcated in (a) the initiation and/or 
maintenance of T cell activation and/or activated T cell-mediated HIV gene expression and/or 
rephcanon. and/or (b) any cytokine-mediated disease associated problem such as cachexia or 
muscle degeneration. Prefenably. his cytokine is TNF-a. 

All of the compounds of Fonnula (I) are useful in the metiiod of inhibiting the 
production of TNF. preferably by macrophages, monocytes or macrophages and monocytes 
ma mammal, including humans, in need thereof. AH of die compounds of Fonnula (I) are ' 
useful in the method of inhibiting or mediating die enzymatic or catalytic activity of PDE IV 
30 and in treatment of disease states mediated tiiereby. 



METHODS OF PPFPft^>^-^o|v|. 
Preparing compounds of Fonnula (I) can be accomplished by one of skiU in die an 
according to theproccdures oudined in die Examples, i,^a. The preparation of any 
remaining compounds of Fonnula a) not described therein may be prepared by die analogous 

processes disclosed herein which comprise: 

a) for compounds of Fonnula (1) wherein R3 is other Uian C(=Z')H and wherein Z is 
CH2COOCH3, reacting a compound of Fonnula (2) 
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(2) 

where Ri represents Ri as defined in relation to Formula (I) or a group convertable to Rl 
and X and X3 represent X and X3 as defined in relation to Formula (I) or a group 
convenable to X or X3 and R3 represents R3 as defined in relation to Formula (I) or a group 
convwtable to R3, with a stabUized acetate anion, such as sodium trimethylphosphonoacetate 
or lidiium ethyl (trimeAyIsilyl)acetaie, in a suitable non-reacting solvent, such as 1,2- 
dimediQxyethane or tttrahydiofiiran, followed by reduction of the resulting ethylidene 
intermediate with, e.g., hydrogen and a suitable catalyst, to provide confounds of Formula 
(I) wherein R3 is other than G(=ZOH and wherein Z is CH2COOCH3; preparation of such 
compounds of Formula (1) wherein R3 is C(=Z')H proceed in an analogous fashion fiom the 
compound of Formula (2) wherein =Z' is an aldehyde protecting group, such as a 
dimethylacetal or a dioxolane, followed by deprotection to the aldehyde and subsequent 
elabwation by standard procedures known to those of skill in the art to the remaining 
compounds of Formula 00 whraein Z" is other than O. 
15 Saponification of Ae esto: moiety of compounds of Formula CD wherein R3 is other 

than C00R8 and wherein Z is CH2CCXXM3 wiA, e.g., potassium hydroxide in methanol, 
provides compounds of Formula (I) wherein R3 is other than COORg and wherein Z is 
CH2COOH; preparation of such compounds of Formula (I) wherein R3 is COORg proceed 
in an analogous fashion fi-om the compound of Formula (2) wherein =Z' is an aldehyde 
20 protecting group, such as a dimethylacetal or a dioxolane, followed by deprotection to the 
aldehyde and subsequent elaboration by standard procedures known to tiiose of skUl in the 
art to die remaining compounds of Formula d) wherdn R3 is COORg. 

Conqjounds of Formula (I) wherein R3 is otiier than C(=Z')H and wherein Z is 
CH2OH may be prepared in a wide variety of ways. For example, with appropriate 
25 manipulation of certain chemically sensitive functional groups, conversion of the ketone of 
the compounds of Formula (2) wherein Ri represents Ri as defined in relation to Formula (D 
or a group convertable to Ri and X and X3 represents X and X3 as defined in relation to 
Formula © or a group convertable to X or X3 and R3 represents R3 as defined in relation to 
Formula (I) or a group convertable to R3 and wherein R3 is other dian C(=Z)H, to die 
30 corresponding olefin by Wittig, Peterson or otiier olefination reactions followed by, e.g., 
hydrbboration-oxidadon; preparation of such compounds of Formula 0) wherein R3 is 
Ci^Tya proceed in an analogous fashion fmm the compound of Formula (2) wherein ^Z* is 
an aldehyde protecting group, such as a dimetiiylacetal or a dioxolane, followed by 
dq)rotection to tiie aldehyde and subsequent elaboration by standard procedures known to 
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those of skill in the art to the remaining compounds of Formula (I) wherein T is other than 
O. 

Alternatively, compounds of Formula (I) may be obtained by homologation of the 
ketone of appropriate compounds of Formula (2) by, e.g., ketene ihioacetal formation. 
5 subsequent hydrolosis to the aldehyde and reduction. Reductive amination with, e.g., 
ammonium formate and sodium cyanoborohydride in an alcoholic solvent, rather than 
reduction of such homologated aldehyde intermediates, provides the compounds of Formula 
(I) wherein R3 is other tiian C(=Z')H and Z is CH2NH2; preparation of such compounds of 
Formula (I) wherein R3 is C(=Z')H proceed in an analogous fashion from die homologated 

10 aldehyde intermediates wherein =Z* is an aldehyde protecting group, such as a dimethylacetal 
or a dioxolane, followed by deprotection to die R3 aldehyde and subsequent elaboration by 
standard procedures known to tiiose of skill in tiie art to die remaining compounds of 
Formula (I) wherein Z is other than 0. 

It will be recognized that compounds of Formula (I) may exist in two distinct 

15 diastereomeric forms possessing distinct physical and biological properties; such isomers 
" may be separated by standard chromatographic methods. Such isomers may be 
independentiy converted to otiier compounds of Formula (I) wherein Z is, e.g., CRgRsORM, 
CRgRgORis, CR8R8NR13R14. CR8R8NS(0)2NRi3Rl4. CR8R8NS(0)2R7. or 
CR8R8NRi3C(Y')Ri4,by any of tfie wide variety of O and N alkylation or acylation 

20 procedures known to tiiose of skill in die art. 

For example, with proper manipulation of any chemically sensitive functional groups, 
compounds of Formula (1) wherein NR13R14 represent a ring, such as a 1- or 2-tetrazole, 
may be derived from reaction of an appropriate compound of Formula (I) wherein Z 
possesses a leaving groupX, as in CRgRgL, and L is a mesylate, tosylate, chloride or 

25 bromide, witii die appropriate metal salt of HNR13R14, e.g., 5-(Ri4)-teu:azole; the 

appropriate compound of Fdnnula (I) wherein Z is mesylate, tosylate, Br or Q, derived in 
turn from tiie appropriate compound of Formula (1) wherein Z is CRgRsOH. Using similar 
procedures but widi tiie appropriate metal salt of SR14 or SR15, compounds of Formula (I) 
wherein Z is CRgRgSRu or CRgRgSRis may be prepared. 

30 Compounds of Formula (2) may be prepared in mm by die processes described in co- 

pending application USSN 07/862.083 filed 2 April 1 992. 

The following examples are provided to illustrate how to make and use diis invention. 
These examples are not intended to and should not be viewed as limiting the scope or 
practice of this invention in any way. 

35 
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SYNTFIE1TCEXAMPT.RS 
EXAMPLE 1 

4-Cvano-4-f3'CYcIoDcntvloxv-4>methoxvDhenvncvclnheYa|]-^ 
fintermediate of the Fnrmnl^ 7) 
5 la (3-CvcIopentvloxv«4-methQxvphenvnacetonitrilp. To <;nliirinn nf ^.^yr^inp^ntyi^yy- 
4-methoxybenzaIdehyde (20 g, 90.8 mmol) in acetonitrile (100 mL) was added lithium 
bromide (15 g, 173 mmol) followed by the dropwise addition of trimethylsilylchloride (17.4 
mL, 137 mmol). After 15 min, the reactioD mixture was cooled to O^'C, 1,1,3,3- 
tetramethyldisiloxanc (26 J mL, 151 mmol) was added dropwise and the resulting mixture 

10 was allowed to warm to room temperature. After stirring for 3h, the mixture was separated 
into two layers. The lower layer was removed, diluted with metfiylene chloride and filtered 
through Celite. The filtrate was concentrated under reduced pressure, dissolved in methylene 
chloride and refiltered. The solvent was removed in vacuo to provide a light tan oil. To a 
solution of tiiis crude a-bromo-3-cyclopentyloxy-4-methoxy toluene in dimetfiylformamide 

15 (160 mL) under an argon atmosphere was added sodium cyanide (1 0. 1 g, 206 mmol) and the 
resulting mixture was stirred at room tenq)eratuxe for 18h, tiien poured into cold water (600 
mL) and extracted three times with ether. The organic extract was washed three times witii 
water, once with brine and was dried (potassium carbonate). The solvent was removed in 
vacuo and the residue was purified by flash chromatography, eluting with 10% ediyl 

20 acetate/hexanes, to provide an off-white soUd (17,7 g, 84%): m.p. 32-340C; an additional 
quantity (1.3 g) of slighfly impure material also was isolated. 

lb. DimgthvI4-cvano-4>r3-cvcIonentvlQxv-4-methoxvDhenvnpimelatP. To a solution of 
(3-cyclopentyloxy-4-medioxyphenyl)acetonitrile (7 g, 30.3 mmol) in acetonitrile (200 mL) 
under an argon atmosphare was added a 40% solution of Triton-B in medianol (1.4 mL, 3.03 

25 mmol) and the mixture was heated to reflux. Metiiyl acrylate (27 mL, 303 mmol) was added 
caiefiilly, die reaction mixture was maintained at reflux for 5h and then cooled. The mixture 
was diluted with etiier, was washed once with IN hydrochloric acid and once with brine, was 
dried (magnesium sulfate) and die solvent was removed in vacuo. The solid residue was 
triturated with 5% ethanol/hexane to provide a white solid (9 g^ 74%): m.p, 81-82°C; and 

30 additional LI g (9%) was also obtained from tiie filtrate. 

Analysis Calc. for C22H29NO6: G 65.49, H 725. N 3.47; found: C 65.47, H 7.1 1, N 3.49. 
Ic. 2-Carbomethoxv-4-cvano^r3-cvclQpentvloxv-4-methQx vDhenvnq^lnhexan^ 
To a solution of dimetiiyl 4-cyano-4-(3-cyclopentyloxy-4-metiioxyphenyl)pimelate (5.9 g, 
14.6 mmol) in dry 1,2-dimetiioxyethane (120 mL) under an argon atmosphere was added 

35 sodium hydride (80% suspension in mineral oU, 1.05 g, 43.8 nmiol). The mixture was heated 
to reflux for 4.5h, then was cooled to room temperature and was stirred for 16h. Water was 
added and the reaction mixture was partitioned between ether and acidic water. The organic 
extract was dried (magnesium sulfate) and the solvent was removed in vacuo. The residue 
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was purified by flash chromatography, eluting with 3:1 hexanes/ethyl acetate, to provide a 
white foam (4.9 g, 93%). 

Analysis Calc. for C19H23N03-1/4H20: C 67.09, H 6.84, N 3.72; found: C 66.92, H 6.61, N 

3.74. 

5 Id. 4-CYano-4-f 3-cvdopentvloxv-4-methoxvphenvncvcl ohexan- 1 >one A mixture of 2- 
carbomethoxy-4-cyano-4-(3-cyclopentyloxy-4-methoxyphenyl)cyclohexan-l -one (0.80 g, 
2.15 mmol), dimethyl sulfoxide (16 mL), water (1 mL) and sodium chloride (0.8 g) under an 
argon atmosphere was heated at 140-145OC for 5h. The reaction mixture was cooled and 
concentrated. The residue was purified by flash chromatography, eluting widi 3:1 
10 hexanes/ethyl acetate, to provide a yellow solid. Trituration widi hexanes/ediyl acetate 
yielded a white solid (0.52 g, 77%): m.p. U1-1120C. 

Analysis Calc. for C19H23NO3: C 72.82, H 7.40. N 4.47; found: C 72.72, H 7.39, N 4.48. 

EXAMPLE 2 

15 Methvl 2-r4-cvano-4-r3-cvclpropvlm ethoxv-4-methoxvphenvncvclohexan> 1 -vllacetate 
■^3a. Methvl 4-cvanc>-4>(3-cvclpropvlmethQxv-4-methQxvph envncvclQhexan-l-vIideng 
aeeiais a solution of metiiydiethylphosphonate (1.2 mL, 6.68 mmol) in ethylene glycol 
dimethyl ether (10 mL) was treated with solid sodium hydride (0.22 g, 7,3 mmol. 80% 
dispersion in mineral oil) at room temperature under an argon atmosphere. After stirring for 

20 1.5h, a solution of 4-cyano-4-(3-cyclopropylmetiioxy-4-methoxyphenyl)cyclohexanone (1.0 
g, 3.34 mmol) was added and the mixture was allowed to stir for an additional 3h. The 
reaction mixture was partitioned between methylene chloride and water, was extracted twice, 
was dried (potassium carbonate) and was evaporated to an oil. Purification by flash column 
chromatography, eluting with 2:1 hexanes/ediyl acetate, provided an oil (0.48 g, 40%). 

25 Analysis Calc. for C21H25NO4 I/8 H2O: C 70.51, H 7.12, N 3.92; found: C 70.36, H 7.01. 
N 3.89. 

3b. Mgthvl 2>f4'CYano-4-f3>cvdproDvlmethoxv-4-Tnethoxvp h envncvclohexan-v 
vllacetate A solution of metiiyl 4-cyano-4-(3-cyclpropyImetiioxy-4- 
methoxyphenyl)cyclohexan-l-ylidine acetate (0.19 g, 0.52 mmol) in methanol (10 mL) was 
30 hydrogenated with 10% palladium on carbon at 50 psi for 3h. The reaction mixture was 
filtered tiirough Celite, was washed with metiiylene chloride and was evaporated. 
Purification by flash column chromatography, eluting witii 3:1 hexanes/ethyl acetate, 
provided an oil (0.16 g, 86%). 

Analysis Calc, for C21H27NO4: C 70.56, H 7.61, N 3,92; found: C 70.49, H 7.65, N 3.88. 

35 

EXAMPLE 3 

c/j-r4'Cvano-4-(3-CVcloproDvlmcthoxv>4-methoxvphenvlWl ohexan>l-vllTnethannl 
A suspension of methyl 2-[4-cyano-4-(3-cyclopentyloxy-4- 
methoxyphenyl)cyclohexan-l.yl]acetate (0.18 g, 0.52 nunol) in etiier (2.0 mL) with 
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methanol (0.025 mL) and Utfaium borohydride (0.02 g, 0.78 mmol) was stined overnight at 
room temperature under an aigon atmosphere. The reaction mixture was partitioned between 
methylene chloride and acidic water, was extracted three times, was dried (magnesium 
sulfate) and was evaporated. Purification by flash column chromatography, eluting widi 1:1 
5 hexanes/ethyl acetate, provided a white solid (0. 1 g, 58.5%): m.p. 1 19-120OC 

Analysis Calc. for C19H25NO3: C 72.35. H 7.99. N 4.44; found: C 71.96, H 7.90. N 4.33. 



10 



EXAMPLE 4 

o>r4-CYan9^r>(TvrloprmlniethoxY-4-medioxvnhftnviv.^^ 

A solution of c«-[4Hgrano^(3s7cloprDpyImetiK)xy-4-iiiedioxyphenyl)cyclohexan 
l-yljmethanol (0.05 g, 0.16 mmol) in tetrahydroftttan (1.2 mL) under an argon atmosphere 
was treated witii triphenylphosphine (0.04 g, 0.16 mmol), phdialimide (0.02 g, 0.16 mmol) 
and Uien diethylazodicarboxylate (0.03 mL, 0.16 mmol) was added dropwise. The reaction 
flask was covered widi foil and die mixture was stirred at room temperature for 30h. The 
15 solvent was evaporated and die residue was purified by flash column chromatography, 

eluting with 2:1 hexanes/ediyl acetate, to provide die phdialimide (0.06 g, 89.7%), which was 
dissolved in edianol (P.5 mL) under an argon atmosphere and refluxed witfi hydrazine 
hydrate (0.08 mL. 0.15 mmol) for 3h. TTie reaction was cooled, die precipitate was removed 
by filtration, the filtrate was appHed to a sifica column and die product was eluted widi 95:5 
20 chloroform/medianol to provide an oil (0.3 g, 60%). 

Analysis Calc. for C19H26N2O3-I/4 H2O: C 71.55, H 8.37, N 8.78; found: C 71.47 H 
8.21, N 8.67. 

EXAMPLES 

Ctf-r4-CYann-4-f3M^l0TTODVlmeihoxv-4-n«thi«vnh,.nv1Wclohex«n^ 

25 To a mixture of 80% sodium hydride in mineral oU (0.06 g, 2.00 mmol) and 

trimethylsulfonium iodide (0.41g. 2.00 mmol) at room temperature under an argon 
atmosphere was added dropwise dimetiiylsulfoxide (4 mL) and die reaction mixtnre was 
stirred for 0.5h. A solution of 4-<grano-4-(3-cyclopropyhnedioxy-4- 
medioxyphenyl)cyclohexan-l-one (0.50 g. 1.67 mmol) in dimetiiylsulfoxide (2 mL) was 

30 added and stirring was continued fi>r 45 min. The reaction mature was quenched witfi 
saturaiEd ammonium chloride, was partitioned between ediyl acetate and water, was dried 
(magnesium sulfete) and die solvent was removed in vacuo. The residue was purified by 
flash chromatography, eluting widi 3:7 ediyl acetate/hexanes, to provide a white soUd (0.28 
g. 53%): m.p. 90-91OC 

35 Analysis Calc. for C19H23NO3-I/4 H2O: C 71.79, H 7.45, N 4.41; found: C 71.97, H 7.33, 
N4.36. 

A small amount of die iraju-isomer (0.09 g, 17%) was also isolated. 
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EXAMPLE 6 

m-r4-Cvano-4-r3-cvcloDroDvlmethoxv^methoxvDhenvlVUhvd^^ 

vllniethanQl 

A mixture of dj44<yano-4-(3<yclopTopylmethoxy-4-methoxyphenyl)cyclohexan-l- 
5 yljmethyleneoxide (0. 14 g, 0.45 mmol) and potassium hydroxide (0.02 g, 0.36 mmol) in 
85:15 dimethyisulfoxide/water (14 mL) under an argon atmosphere was heated at lOO-lKPC 
for 1.5h, was cooled, was diluted with water and was extracted three times with ethyl acetate. 
The organic extract was washed four times with water, once with brine, was dried 
(magnesium sulfate) and was evaporated. Purificadon by flash chromatography, eluting with 
10 2% methanol/dichloromethane, provided the ci5-isomer as a white solid (0.09 g, 60%): m.p. 
48-50OC . 

Analysis Calc. for C19H25N04-1/8 H2O: C 68.39, H 7.63. N 4.20; found: C 68.23, H 7.59, 
N4.13. 



15 g XAMPlvET 

rrfln.y-r4-Cvano-4-f3-cvcloprQPvlmethoxv-4>methoxvDhenvlVUcvclohexan^i> 

vllmethvleneoxide 
To a mixture of 80% sodium hydride in aiineral oil (0.33 g, 1 1 mmol) and 
trimethylsulfoxonium iodide (1.69 g, 7.67 mmol) at room temperature under an argon 
20 atmosphere was added dropwise dimethylsulfoxide (12 mL) and the reaction mixture was 
stirred for 30 min. A solution of 4-cyano-4-(3-cyclopropylmethoxy-3-methoxyphenyl) 
-cyclohexan-l-one (2.00 g, 6.68 mmol) in dimethylsulfoxide (5 mL) was added and stirring 
was continued for 30 min. The reaction mixture was quenched with saturated ammonium 
chloride, was partitioned between ethyl acetate and water, was dried (magnesium sulfate) and 
25 the solvent was removed in vacuo . The residue was purified by flash chromatography, 
eluting with 1:3 etiiyl acetate/hexanes, to provide a coloiless oil (1.42 g, 68%). 
Analysis Calc. for C19H23N03-H20: C 68.86. H 7.30, N 4.23; found: C 69.22, H 7.11. N 
4.17. Starting material was also recovered (0.6 g, 30%). 

30 EXAMPLE 8 

rrflnj-r4-Cvano>4-G-cvclopropvlmethoxv>4-methox vphenvlVl-hvdroxvcvGlohexan>1 - 

vllmethanol 

A mixture of /rfl/w-[4-cyano-4-(3-cyclopropybnethoxy-4-methoxyphenyl)- 
cyclohexan-l-yl]methyleneoxide (1.31 g, 4.18 mmol) and potassium hydroxide (0.14 g, 2.5 
35 mmol) in 85:15 dimethylsulfoxide/water (140 mL) under an argon atmosphere was heated at 
100-1 lO^C for Ih, was cooled, was diluted with water and was extracted three times with 
ethyl acetate. The organic extract was washed five times with water, was dried (magnesium 
sulfate) and was evaporated. Purification by flash chromatography, eluting with 3.5:96.5 



19 



wo 93/19747 



PCr/US93/01988 



10 



methanol/dichloromethane, provided the mi/jy-isomer as a sticky white soUd- m p 38-420C 
(0.96 g, 69%). 

Analysis Calc. for C19H25NO4: C 68.86, H 7.60. N4.23; found: C 68.96, H7.62. N4.03. 

METHODS OF TREATMENT 
In order to use a compound of Ftmnula Q) or a phaimaceutically acceptable salt 
thereof may be used neat though a preferred technique is to present them with a 
cairier/diluem accordance with standard phannaceurical practice. Any formulation 
compatible witii the chosen metiiod of delivery and the stafflity of the compound may be 
used. One skilled in die an will be able to select and prepare an acceptable formulation in 
accordance witii standard practices in the field of die formulary arts. 

The compounds of Formula (I) or may be administered oraUy (when active by this 
route), oral, intravenous, intraperitoneal, and intramuscular administration, topicaUy, 
parenteraUy, or by inhalation in conventional dosage ionns prepared by combining such 
agent witii standard pharmaceutical carriers according to conventional procedures in an 
amount sufBcient to produce die desired tiierapeutic activity. 

The amount of a compound of Formuhi (1) required for therapeutic effect on topical 
administration will, of course, vary witii die compound chosen, die nature and severity of die 
condition and die animal undergoing trcatinent. and is ultimately at die discretion of die 
20 physician. 

The daily dosage regimen for oral administration is suitably about .001 mg/kg to 
lOOmg/kg, preferably 0.01 mg/Kg to 40 mg^g, of a compound of Formula (1) or a 
pharmaceutically acceptable salt diereof calculated as die free base. The active ingredient 
may be administered ftom 1 to 6 times a day, sufBcient to exhibit activity. 
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UTILITY EXAMPTF?; 
EXAMPLE A 

fahibjtorv effect of rnmnonnd5snfFnTmnla mon fa virr^-m Fiirodnrrinn hyh^ ^^^ 

monocvtes 

The inhibitory effect of compounds of Formula (I) on in vitro TNF production by 
human monocytes may be determined by die protocol as described in Badger et al., EPO 
published Application 0 411 754 A2, February 6, 1991. and in Hanna, WO 90/15534, 
December 27, 1990. 



35 EXAMPLE R 

Two models of endotoxic shock have been utilized to determine in vivo TNF activity 
for the compounds of Formula (1). The protocol used in these models is described in Badger 
ei al.. EPO published AppHcation 0 41 1 754 A2. February 6, 1991, and in Hanna, WO 
90/15534, December 27, 1990. 
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The exemplified compounds herein demonstrated a positive in vivo response in 
reducing serum levels of TNF induced by the injection of endotoxin. 

5 • Isolation of PDE Isozymes 

The phosphodiesterase inhibitory activity and selectivity of the compounds of 
Formula (I) can be determined using a battery of five distinct PDE isozymes. The tissues 
used as sources of the different isozymes are as follows: 1) PDE lb, porcine aorta; 2) PDE Ic, 
guinea-pig heart; 3) PDE m, guinea-pig heart; 4) PDE IV, human monocyte; and 5) PDE V 
10 (also called "la"), canine trachealis. PDEs la, lb, Ic and IE arc partially purified using 

standard chromatographic techniques [Torphy and Qeslinski, MoL Pharmacol., 37:206-214, 
1990]. PDE IV is purified to kinetic homogeneity by the sequential use of anion-exchange 
followed by heparin-Sepharose chromatography [Torphy etal., J. Biol. Chem., 267:1798* 
1804, 1992]. 

15 Phosphodiesterase activity is assayed as described in die protocol of Toiphy and 

Cieslinski, Mol. Pharmacol., 37:206-214, 1990. Positive ICso's in die nanomolar to [iM 
range for compounds of die workings examples described herein for Formula (I) have been 
demonstrated. 

20 EXAMPLE D 

The ability of selected PDE IV inhibitors to increase cAMP accumulation in intact 
tissues is assessed using U-937 cells, a human monocyte cell line tiiat has been shown to 
contain a large amount of PDE IV. To assess die activity of PDE IV inhibition in intact cells, 
nondifferentiated U-937 cells (approximately 10^ cells/reaction tube) were incubated witii 

25 various concentrations (0.01-1000 jiM) of PDE inhibitors for one minute and IjiM 

prostaglandin E2 for an additional four minutes. Five minutes after initiating die reaction, 
ceUs were lysed by the addition of 17.5% perchloric acid, die pH was neutralized by die 
addition of IM potassium carbonate and cAMP content was assessed by RIA. A general 
protocol for this assay is described in Brooker et al, Radioimmunassay of cyclic AMP and 

30 cyclic GMP., Adv. Cyclic Nucleotide Res., 10:1-33, 1979. The compounds of the working 
examples as described herein for Formula (I) have demonstrated a positive EC50S in die ^M 
range in the above assay. 

No toxic effects are expected when diese compounds are administered in accoidance 
witii die present invention. 
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What is claimed is 

1. A compound of Foimula CO: 




z 



wheidn: 



5 Ri is -(CR4R5)iiC(0)0(CR4R5)mR6t -(CR4R5)nC(0)NR4(CR4R5)mR6, 

-(CR4R5)nO(CR4R5)mR6, or -(CR4R5)rR6 wherein the alkyl moiedcs may be optionally 
substituted with one or more halogens; 
mis 0 to 2; 
n is 1 to 4; 
10 rislto6; 

R4 and R5 are independendy selected from hydrogen or Ci-2 alkyl; 
R6 is hydrogen, methyl, bydroxyl, aryl, halo substituted aryl, aryloxyCi-3 alkyl, halo 
substituted aryloxyCi.3 alkyl, indanyl, indenyl, C7.11 polycycloalkyl, tetrahydrofiiranyl, 
furanyl, tetrahydropyranyl, pyranyl, letrahydrothienyl, thienyl, tettahydrothiopyranyl, 
15 thiopyranyl, C3.6 cycloalkyl, or a C4-6 cycloalkyl containing one or two unsaturated bonds, 
wherein die cycloalkyl and heterocyclic moieties may be optionally substituted by 1 to 3 
methyl groups or one ethyl group; 
provided that" 

a) when Re is hydroxyl, then m is 2; or 
20 b) whenR6ishydioxyI,thenris2to6;or 

c) when Re is 2-tetrahydropyranyl, 2-tetrahydroduopyranyl, 2-tetrahydrofuranyl, or 
2-ietrahydrothienyl, then m is 1 or 2; or 

d) when Re is 2-tetrahydn)pyranyI, 2-tetrahydrotfuopyranyl, 2-tetrahydrofuranyl, or 
2-tetrahydn)tiiienyl, then r is 1 to 6; 

25 e) when n is 1 and m is 0, then Re is other than H in -(CR4R5)nO(CR4R5)niR6; 



R2 is independendy selected from -CH3 or -CH2CH3 optionally substituted by 1 or 
more halogens; 



30 



X is YR2, halogen, nitro, NR4R5. or formyl amine; 

YisOorS(OW; 

m'isO, l,or2; 

X2isOorNR8; 

X3 is hydrogen or X; 



s is 0 to 4; 
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R3 K hydrogen, halogen. C1-4 alkyl. CH2NHC(0)C(0)NH2. halo-subsiituted C1-4 
alkyl, -CH=CR8'R8', cyclopropyl optionally substituted by Rg-. CN, OR8 CH2OR8 
NR8R1O. CH2NR8R10. CCZOH, C(0)0R8, QONRgRlo. or «R8S 

Z' is O. NR9. N0R8. NCN, C(-CN)2, CR8CN, ai8N02. CR8C(0)OR8 
CR8C(0)NR8R8. C(-CN)N02. C(-CN)C(0)0R9. or C(-CN)C(0)NR8R8 ; 

Z«CR8R80Ri4.CR8R80Ri5,CR8R8SRi4.CR8R8SRi5.CR8R8S(OWR7. 
CR8R8NR10R14, CR8R8NRl0S(O)2NRi0Ri4 CR8R8NRl0S(O)2R7, 
CR8R8NRioC(Y')Ri4. CRgRsNRioCCOORy. CR8R8NRioC(Y')NRioRi4 
CR8R8NRlOC(NCN)NRioRi4. CR8R8NRioC(CR4N02)NRioRi4 
CR8R8NRioC(NCN)SR9. CR8R8NRioC(CR4N02)SR9. CR8R8C(0)ORi4 
CR8R8C(V)NR10R14. CR8R8C(NRio)NRioRi4. CRsRsCN. CRgRgCtetni^lyl) 
CR8R80inida2olyl), CR8R8(iimda2olidinyl), CR8R8(pyrazolyl). CR8R8(thia2olyl) 
CR8R8(thiazolidinyl). CR8R8(oxa2olyl). CR8R8(oxa2olidinyl), CRsRsdriazolyl) 
CR8R8(isoxa2olyl). CR8R8(oxadiazolyl), CRgRsCthiadiazolyl). CR8R8(moipholinyl). 
CR8R8(piperidinyl), CR8R8(piperazinyl), CR8R8(pynolyl). CR8R8C(NOR8)Ri4 
CR8R8C(NORi4)R8. CR8R8NRioC(NRio)SR9. CR8R8NRioC(NRio)NRioRi4 
CR8R8NRl0C(O)C(O)NRi0Ri4.orCR8R8NRi0C(O)C(O)ORi4; 

X5 is H, OR8. CN, C(0)R8. C(0)0R8. C(0)NR8R8. or Nr'8R8; or Z and X5 
togetiieris-CR8R80-; 
20 Y'isOorS; 

R7 is -(CR4R5)qRi2 or C1.6 alkyl wherein the R12 or Ci.g alkyl group is optionally 
subsntuted one or more times by C1.2 alkyl optionally substituted by one to tiiree fluorines. 
-F. -Br. -a. .NO2. -NRioRii, -C(0)R8. -QOORg. -ORg. -CN. -C(0)NRioRi 1 
-OC(0)NRioRii. -OC(0)Rg. -NRioC(0)NRioRli. -NRioC(0)Rii. -NRioC(0)OR9 
-NRioC(0)Ri3.-C(NRio)NRioRii.-C(NCN)NRioRii.-C(NCN)SR9 
-NRioC(NCN)SR9 . -NRioC(NCN)NRioRi 1. -NRioS(0)2R9. -S(OWR9 
-NRioC(0)C(0)NRioRi 1. -NRioC(0)C(0)Rio. tiiiazolyl. iniidazolyl. oxazolyl. pyiazolyl 
triazolyLortetrazolyl; 
qis0.1.or2; 

R12 is C3-7 cycloalkyl. (2-, 3- or 4.pyridyl). pyrimidyl. pyrazolyl, (1- or 2- 
imidazolyl). titiazolyl. triazolyl. pynolyl. piperazinyl. piperidinyl. moipholinyl. fuianyl (2- 
or 3-thienyl). (4- or S-tiiiazolyl), quinolinyl. naphthyl. or phenyl; 
Rg IS independentiy selected from hydrogen or R9; 
Rg- is Rg or fluorine; 

R9 is C1.4 alkyl optionally substituted by one to three fluorines; 
RlOisORgorRii; 

Rl 1 is hydrogen, or C^ alkyl optionally substituted by one to three fluorines; or 
when RlO and Rl 1 are as NRiqRi 1 they may togeUier with Uie nitrogen form a 5 to 7 
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membered ring optionaUy comaining at least one additional heteroatom selected from O 
N,orS; 

Rl3 is oxazolidinyl. oxazolyl, tWazolyl, pyrazolyl, triazolyl, tetrazolyl. inridazolyl. 
imidazolidinyl. thiazolidinyl, isoxazolyl, oxadiazolyl. or thiadiazolyl. and each of these 
5 heterocycUc rings is connected through a carbon atom and each may be unsubstituted or 
substituted by one or two C1.2 alkyl groups; 

Rl4 is hydrogen or R7; or when Rio and R14 are as NR10R14 they may together 
widi the mtiogen form a 5 to 7 membered ring optionaUy containing one or more additional 
heteiDatoms selected from O, N,Qr S; 
10 R15 is C(0)Ri4. C(0)NR8Ri4. S(0)2NR8Ri4, S(0)2R7; 

provided that: 

f) when R12 is N-pyrazolyl, N-imidazdyl. N-iriazolyl, N-pynolyl. Ni)ipera2inyl. N- 
piperidinyl, or N-morphoHnyl, then q is not 1; 

g) whenX2RiisOCF2HorOCF3.XisF,OCF2HorOCF3.X3isH,sis2ero.X5 
IS H. Z is CH2OR14. and R14 is C1.7 unsubstituted alkyl. then R3 is other than H; 

or a pharmaceuticaHy acceptable salt thereof. 
2. A compound according to claim 1 vrtiidi is: 

methyl 2-[4.qrano-4-(3-cyclopentyIoxy^medioxyphenyI)cyclohexan-l-yIJacetate; 
c«-[4-cyano-4-(3-<g«dopr(q,ylmethoxy^medioxyphen^^^^ 

c«-[4-cyano-4.(3<ydopnvylinedioxy-4-inctiioxyphenyl)cyclohe»m.l- 
yljmethylamine; 

cis-[4-cyano-4-(3-cycloprDpyhnethoxy-4.methoxyphenyl)cyclohexan.l,l- 
diyljoxirane; 

cw-[4^ano^(3-cyclopropylniethoxy-4-methoxyphenyl)-l-hydrDxycyclohexan-l. 
25 yl]medianol; 

iraw-t4-cyano-4-(3-cydopropylmetiioxy^methoxyphenyl)cyclohexan-l.l- 
diyljoxirane; or 

rra«j-[4-cyano-4-(3-cycIopiopylmethoxy-4Hnethoxyphenyl)-l-hydroxycyc^^^ 
l-yl]methanol. 

^ ^- '^P'^^aceudcal composition comprising a compound of Formula a) 

according to daim 1 and a phannaceutically acceptable excipient. 

4. A mediod for treating an allergic or inflammatory state which method 
comprises administering w asubject in need dieieof an effective amountof a compound of 
Formula (D according to claim 1 alone or in combination with a phaimaceutically acceptable 
35 excipient 
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BOX n. OBSERVATIONS WHERE UNmr OF INVENTION WAS LACKING 
This ISA found multiple inventions as follows: 

Each of the following groupings of inventions is drawn to compounds, compositions and methods of use and is 
defined acooidnig to compound strocture. 

L Cliims 1 and 3-4 (each In pan), wherein the compound contains nitrogen-containing heterocycles Classes 
540, 544. 546. 548 and 514. subchuses various. 

n. Claims 1 and 3-4 (each In part), wherein the compound contains none of group 1 above and contains suUiir- 
containing heterocycles, Chuses 549 and 514, subclasses various. 

in. Claims 1-4 (each in pan), wherein the compound contains none of groups 1-2 above and contains oxygen- 
eontainlqg hetero^eles. Classes 514, 549. subclasses various. 

IV. Claims 1 and 3-4 (each in part), wherein the compound contains none of groups 1-3 above and wheiein the 
compound has at least one -SOj-O^C group^ Class 558, subclass 44+ and the corresponding Class 514 subclasses. 

V. Claims 1 and 3-4 (each in part), wfaernn the compound contains none of the groups 1-4 above and wheiein 
the compound has at least one -C(X>-X- group (wherein one X is sulfur). Class 558, subclass 230+ and the 
corresponding Cbss 514 subclasses. 

VI. Claims 1<4 (each In part), wherdn the compound contains none of the groups 1-5 above and wherein the 
compound bu at least one -CN group, Class 558. subclass 388+ and the corresponding Class 514 subclasses. 

Vn. Claims 1 and 3-4 (each in part), wherein the compound contains none of the groups 1-6 above and wherein 
the compound has at least one C-CO-O-C group. Class 560, subclasses 1 + and the corresponding CUss 514 subclasses. 

Vm. Claims 1 and 3-4 (each in part), wherein the compound conuins none of the groups 1-7 above and wheiein the 
compound has at least one N-SO^-S-R group. Class 560, sttbGlassea307+ and corresponding Class 514 subclasses. 

K. Clahns 1 and 3-4 (each in part) wherein the compound contains none of the groups 1-8 above and wherein the 
compound has at least one group -COOH, Clasa 562. subeUuses 400+ and corresponding 514 subclasses. 

X. Claims 1 and 3-4 (each in part) wherein the compound contains none of groups 1-9 above and wherein the 
compound has at least one group -N-CS-N. Class 564, subebss 17+ and the corresponding 514 subelasses. 



XI. Claims 1 and 3-4 (each m part) wherein the conqxiund contaias none of the groups 1-10 above wherein the 
confound hu at least one group -N-CO-N-, Class 564, subclass 32+ and the corresponding 514 subclasses. 

Xn. Claims I and 3-4 (each in part), wherein the compounds contain none of the groups 1-1 1 above and wherein 
the compounds have at least om^ HrCS-group, Cbss 564, subclasses 74+ and the corresponding 514 subclasses. 

Xm. Claims 1 and 3-4 (each in part), wherein the compounds contain none of the groups 1-12 above and wherein the 
compound hai at feast one group -N-SO^-N, Class 564. subclass 79+ and the corresponding 514 subclasses. 

XIV. Claims 1 and 3-4 (eadi m part) wherein the oompounds contain none of the groups 1-13 above and wherein 
the compound hu at least one group N-CO-R. Class 564, subclasses 123+ and the corresponding 514 subclasses. 

XV. Claims 1 and 3-4 (each in part), wherein the compound contains none of groups 1-14 above and wherein the 
compound has at least one group -NH-^ Le. ammo nitrogen group. Class 564, subclass 225 + and the corresponding 514 
subdasses. 

XVI. Claims 1 and 3-4 (each in part), wherein the compound contains none of the group 1-15 above and wherein 
the compound has at least one group -N-OH or -N-OR, Cbos 564, subclass 300+ and the corresponding 514 
subclasses. 
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XVn. Claimi 1 and 3-4 (each in pait), wherein the compound contains none of the groups 1-16 above and wherein the 
compound has at least one -SH or -R-S-R- group. Class 568, subclasses 38-61 and the corresponding S 14 subclasses. 

XVm. Claimi 1 and 3-4 (each in part), wherein the compound contains none of the groups 1-17 above and wherein the 
compound conuuns at least one aldehyde group. Class 568 and subclass 420+ and the oomssponding 514 subclasses. 

XDC. Claims 1 and 3-4 (each in part), wherein the compound contains none of the groups 1-18 above and at least 
one R-O-R group, Class 568, subclass 579+ and the corresponding 514 subclasses. 

The application lacks unity of invention under PCT Rule 13.1-13.4 since the cyclohexyl phenyl group is not 
seento beatecnical feture which defines over the prior an. 
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Box I Obsmatkins where certain dums were found nnsearchable (Continuation of item 1 of first sheet) 



TO» intanationBl report has not been established in nspert of oettain claims under Aitidc 1 7a)(a) for the following ceasons: 

□ Claims Nos.: 
because they relate to subject matter not required to be searched by this Authority, namely: 



2. Jjj^ Claims Nos 



beeausethey i^ate to parts of the international application that do not comply with the prescribed requirements to such 
an extent that no meaningful international search can be carried out, specifically: 



3. ri Claims Nos.: 

— because they axe dependent claims and are not drafted in aooordanoe with the second and third sentences of Rule 6.4(a). 



Box 11 Observatuns where unity of invention is lacldng (Continuation of item 2 of first sheet) 



This International Searching Authori^ found multiple inventions in this international application, as follows: 
Please See Extra Sheet. 



I. 



rn AsaUiequiiedaddidonaiseaidifeesweretiniely paid by the appUcant. this internationals 
claims. 



2. As aUsearchableclaimscouid be searched without effort justifying an addit^^ 
of any additional fee. 

3. r~\ Asonlysomcoflherequiredadditionalsearchfeeswrctimelypaidbytheapplicani,^^ 
only those ebims for which fees were paid, specifically elaims Nos.: 



4. No required additional search fees were timely paid by the applicant. ConsequenUy, this international search report is 

^"■^ restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 

1^ (eaeh in part); eUum Z (in its entirety). It is deemed that the first claimed invention is the first species of claim 2 



Remark on Ftotest additional search fees were accompanied by the applicant's protest. 

|~| No protest accompanied the payment of additional search fees. 
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